SUMMARY Acute haemorrhagic pancreatitis was induced in greyhound dogs by a bile salt/trypsin injection into the main pancreatic duct. Prostaglandin-like activity in the pancreatic venous blood, right atrial blood, and arterial blood was measured by bioassay. Activity rose significantly in the pancreatic venous blood of test dogs but not in controls. Chromatographic analysis of the peritoneal exudate from the dogs with pancreatitis showed high levels of prostaglandin E-like material (mean 43 ng/ml prostaglandin E2 equivalents). It seems likely that prostaglandins contribute to the induced pancreatitis.
Hypotension and pain in acute pancreatitis have been attributed to hypovolaemia and the release of plasma kinins, but there is evidence of other contributory factors (Ofstad, 1970) . Many inflammatory exudates contain prostaglandins (PGs) and these substances can cause hypotension, pain and inflammation. Experiments were therefore designed to measure PG-like activity in dog pancreatic venous blood, the general circulation, and peritoneal exudate after the induction of acute haemorrhagic pancreatitis (AHP).
Methods
Adult greyhound dogs, anaesthetized with sodium pentobarbitone (25mg/kg intravenously), were intubated and allowed to breath spontaneously. A femoral artery cannula (30 cm long, 2-76 mm O.D.) was passed into the abdominal aorta and used to collect arterial blood and to record blood pressure and heart rate continuously (SE Labs. SEM 488 pressure transducer via a SAN-El pressure amplifier type 1206 and Watanabe MC-611 multi-channel pen recorder). Mixed venous blood was obtained from the right atrium through a cannula (30 cm long, 2-1 mm O.D.) passed down from the right jugular vein. Pancreatic venous blood was sampled by the method of Poperaitis and Thompson (1969) : the abdomen was opened by an upper midline incision, the spleen removed and a polyethylene cannula (30 cm long, 2-1 mm O.D.) passed into the Received for publication 20 October 1975 portal vein through the splenic vein. Several veins draining into the portal system were ligated (right gastric, right and left gastro-epiploic and inferiopancreatico-duodenal veins), and temporary occlur ding silk cinches were passed around the left gastric vein, mesenteric vein, and portal vein above the tip of the cannula. When these cinches were applied, the blood sampled from the portal vein was derived almost entirely from the pancreas; only a small amount came from the duodenum via the superior pancreatico-duodenal vein.
In four control dogs (mean body weight, 28 kg) the lesser and main pancreatic ducts were ligated.
In eight test dogs (mean body weight, 27 kg), acute haemorrhagic pancreatitis (AHP) was induced by a bile salt/trypsin mixture (Elliot et al., 1958) which contained 4% sodium taurocholate (ox bile extract; Sigma Chemical Co.) and 75,000 benzyl arginine ethyl ester units of crystalline trypsin (Sigma Chemical Co.) in saline at 37°C and pH 7-7 (adjusted with sodium bicarbonate). The lesser pancreatic duct was ligated; a polyethylene cannula (30 cm long, 1-3 mm O.D.) was placed extraduodenally in the main pancreatic duct and 1-5 ml/kg of the mixture was infused into the pancreas through the cannula at a pressure not exceeding 50 cm of water. At the end of the infusion the cannula was withdrawn and the main duct ligated.
Throughout the experimental period, saline 80 ml/h was infused intravenously. Base-iine blood samples were taken from the aorta (arterial), portal vein (pancreatic venous), and right atrium (mixed venous) after the preparation was set up, and repeated 30 minutes later. Then in the control dogs the pancreatic duct was ligated, and in the test animals pancreatitis was induced. Further blood samples were taken at 0 5, 1, 2, and 3h. Each blood sample was collected in a heparinized tube, and after rapidly centrifuging, the plasma was frozen at -200C. Total PG-like activity was extracted within three days (Unger et al., 1971) and assayed biologically on the rat gastric fundus strip in the presence of various drugs to increase selectivity and sensitivity (Bennett et al., 1973) . Samples of aortic blood were also taken at similar time intervals for estimation of amylase (Phadebas test: Pharmacia Great Britain Ltd.), haemoglobin, and haematocrit (Coulter Counter, Model S7). In five dogs with pancreatitis a sample of peritoneal exudate from the pancreatic region was obtained at the end of the experiment. These samples were spun to remove red blood cells and then frozen at -20°C until extraction and bioassay of PG-like activity. Chromatographic investigation (Stamford and Unger, 1972) was also carried out on these specimens. The dogs in the pancreatitis group developed an acute transitory fall in blood pressure (BP) during the infusion of the bile salt/trypsin mixture into the duct. After this, the blood pressure fell steadily throughout the experiment (mean basal BP, 155 mmHg, falling to 75 mmHg 3 h after inducing AHP). In the control group after duct ligation, there was only a slight fall in blood pressure during the experiment (mean basal BP, 145 mmHg; 120 mmHg after 3 h). Mean heart rate rose from a basal rate of 140/min to 200/min 3 h after inducing AHP, and a smaller rise occurred in the controls (mean basal heart rate 150/min, rising to 176/min at 3 h). Similar changes have been reported by others in canine AHP (Carey and Rodgers, 1966) .
AMYLASE AND HAEMATOLOGICAL DATA
The changes in blood amylase and haematocrit are depicted in Figs. 1 and 2. Blood amylase rose in all the dogs with pancreatitis (p < 0 01 in all measurements). Haemoconcentration occurred in the pancreatitis group, as reflected in the rising haematocrit (p < 0 01 in all measurements); these readings were partly masked by replacement of blood with saline, which accounts for the slight fall in haematocrit in the control animals. Haematocrit changes in dogs with AHP paralleled the plasma volume deficits, which Carey and Rodgers (1966) found to be 34% after 4 h. (Eakins et al., 1972) . It was not possible to characterize the small amounts of material in the blood, but chromatographic analysis and alkaline hydrolysis of extracted peritoneal exudates, showed mainly PGE-like activity. The similar levels in the mixed venous blood of pancreatitis and control dogs probably indicate metabolism of the released material by the liver, and/or dilution by other venous blood. The raised level of PG-like activity in the arterial blood of dogs with pancreatitis was not statistically significant, and the particularly high mean level at 3 h was due to results from only two of the eight experiments. Perhaps in some dogs with early AHP a trigger mechanism in pancreatitis releases PG-like material from the lungs. Slight mechanical damage to the lungs releases PG-like activity (Piper and Vane, 1971) , and 5-hydroxytryptamine or tryptamine can trigger the release of PG-like material from guinea-pig isolated lungs (Alabaster and Bakhle, 1970) . Many vasoactive substances are released in AHP, and are thought to contribute to the shock state by increasing vascular permeability and peritoneal exudation (Katz et al, 1964) . Considerable attention has been given to the role of kinins, but other factors may be important (Ofstad, 1970) . There is substantial evidence that PGs are involved in the inflammatory response (Vane, 1972) , and PGE compounds are also hypotensive and increase vascular permeability (Nakano and McCurdy, 1967) . Furthermore, various PGs can potentiate responses in guinea-pig skin to bradykinin, histamine, and allergic inflammatory reactions (Williams and Morley, 1973) . PGE1 also potentiates the pain caused by bradykinin and histamine in human skin (Ferreira, 1972) , and produces a pain response when injected intraperitoneally in mice (Collier and Schneider, 1972) . Substances in the peritoneal exudate in pancreatitis seem important, since improvement is obtained experimentally and clinically after peritoneal lavage (Rosato et al., 1973) .
PGs might also exacerbate the pancreatic autodigestive process in pancreatitis by stimulating enzyme production or by reducing pancreatic blood flow. The volume of exocrine secretion during acute pancreatitis is not known, but several drugs used in therapy-for example, anticholinergics, and glucagon-are thought to act by suppressing enzyme production. In the normal dog, PGE, given intravenously in large doses (0 5-50 ,ug/kg) increased the pancreatic enzyme output (Rudick et al., 1971) , and lower doses of PGE2 or PGF2a, (0 05-0A4 ,tg/kg/min) infused into the aorta increased enzyme output and concentration during stimulation with secretin (G. Glazer, unpublished). Blood flow is reduced by PGE1 in the resting dog pancreas (Lefebvre and Luyckx, 1972) and by PGE2 or PGF2a in the secreting dog pancreas (G. Glazer, unpublished). As pancreatic vasoconstriction during acute pancreatitis increases tissue anoxia and acinar cell damage, and eventually causes gland necrosis (Goodhead, 1969) 
